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ABSTRACT
The Sagittarius dwarf galaxy is the archetype of a tidally disrupting system. Both
leading and trailing tails can be observed across at least 180 degrees of the sky and
measurements of their luminosity density profiles have recently become available. Us-
ing numerical simulations, we explore the factors that control the appearance of such
profiles.
We use two possible models for the Sgr progenitor. The first is a one-component
Plummer model, which may represent either a dark matter free progenitor, or one in
which pre-existing dark matter has already been largely stripped. The second is a two-
component model in which the stars are represented by a Hernquist sphere embedded
in a cosmologically modish Navarro-Frenk-White dark halo. Disruption of the models
in the Milky Way galaxy provides us with two tellings of the tale of the formation of
the Sgr stream. The initial disintegration of the baryons proceeds more slowly for the
two-component models because of the protective cocoon of dark matter. Once this has
been stripped, though, matters proceed apace. In both cases, the profiles after ∼ 6
pericentric passages provide good matches to the observational data, but the tails are
more extended for the two-component models.
The leading and trailing tails are symmetric at apocentre or pericentre. At other
orbital phases, asymmetries are present, as tails are compressed as they approach
apocentre and stretched out as they approach pericentre. There may exist density
enhancements corresponding to such pile-ups which may be observable in current
survey data. We re-visit the calculation of Niederste-Ostholt et al. (2010) and slightly
revise upwards the luminosity of the Sgr progenitor to 9.9 − 14.4 × 107L based on
insights from the simulations.
Key words: galaxies: dwarf galaxies – galaxies: individual (Sagittarius) – galaxies:
simulations
1 INTRODUCTION
This paper provides two tellings of the tale of the Sagittarius
(Sgr) galaxy.
Ever since its discovery (Ibata et al. 1995), the Sgr dwarf
has been recognised as a touchstone of Galactic astronomy.
It provides an ongoing example of the merging and accre-
tion of galaxies, one of the fundamental processes through
which structure is built in the Universe. It provides one of
the best measures of the Galactic potential and mass, as its
tidal debris can be traced to distances of possibly ∼ 90 kpc
(Newberg et al. 2003; Belokurov et al. 2006; Koposov et al.
2011). The disruption of Sgr and the spilling of its stars and
globular clusters into the Galaxy provides a sizeable frac-
? E-mail:mno, vasily, nwe@ast.cam.ac.uk
tion, perhaps as much as a quarter, of the entire stellar halo
of the Milky Way by luminosity (using numbers from Bell
et al. (2008) or Deason et al. (2011) and Niederste-Ostholt
et al. (2010)).
Given its fundamental role, the disruption of the Sgr
dwarf and the formation of its tidal tails has been a popu-
lar topic for detailed numerical investigations. Motivated by
the proximity of the remnant to the Galactic centre, simula-
tions as to the effect of Milky Way tides on Sgr began soon
after its discovery (Johnston et al. 1995). The aims of sub-
sequent simulations are largely threefold. First, some inves-
tigators concentrated on understanding the Sgr progenitor
(e.g. Velazquez & White 1995; Ibata & Lewis 1998; Lokas
et al. 2010). The work of Jiang & Binney (2000) nicely sum-
marizes the degeneracy in the properties of the progenitor,
with the then available data being compatible with a very
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broad range of masses and orbital histories. Secondly, there
is a body of work that has studied what can be inferred
about the structure of the Milky Way, particularly its dark
halo. This though has not led to clear-cut conclusions on
the shape of the dark halo which has been variously claimed
as spherical, oblate, prolate or triaxial (e.g. Helmi 2004a,b;
Johnston et al. 2005; Fellhauer et al. 2006; Law & Majew-
ski 2010). Thirdly, some investigators have been concerned
primarily with the properties of the debris itself, particu-
larly as positions, kinematics and metallicities of presumed
stream members have gradually become available from wide
area surveys like 2MASS and SDSS (e.g. Johnston 1998;
Mart´ınez-Delgado et al. 2004; Law et al. 2005; Law & Ma-
jewski 2010).
Recently, Niederste-Ostholt et al. (2010) have used the
extant 2MASS and SDSS survey data to produce luminosity
density profiles of both the leading and trailing tails. By
extrapolating the observed profiles both near the core and
along the orbit, the luminosity of the undisrupted system
can be determined. These profiles have not yet been explored
by simulations. In this contribution, we provide with the aid
of N-body models two re-tellings of the tale of the Sgr galaxy.
We are interested in constraining the dark matter content of
the progenitor, as well as understanding what controls the
appearance of the tail luminosity profiles.
Section 2 is primarily technical and gives details of the
set-up of the simulations together with the analyses per-
formed on the output. Section 3 provides the first telling of
the tale with simulations in which the dark matter shadows
the light in the progenitor. Section 4 provides the second
telling of the tale with dark matter dominated progenitors.
Finally, we draw our conclusions in Section 5.
2 SET-UP AND ASSUMPTIONS
An N-body satellite is placed on an orbit in a static Milky
Way-like potential consisting of a Miyamoto & Nagai (1975)
disc (Md = 7.5 × 1010M, radial scale length = 3.5 kpc,
vertical scale length= 0.3 kpc), a Hernquist (1990) bulge
(Mb = 1.3 × 1010M, scale radius = 1.2 kpc), and a
spherically symmetric logarithmic halo (circular velocity 186
kms−1, scale size 12 kpc). Similar potentials have been used
before (see e.g. Johnston et al. 1999b; Law et al. 2005; Fell-
hauer et al. 2006).
We explore two possibilities for the progenitor Sgr. In
the first telling of the tale, the satellite is represented by a
Plummer sphere of characteristic lengthscale rc composed of
106 particles. This single component approach follows many
previous papers, including Law & Majewski (2010) who are
able to reproduce a wide array of observations. This mass-
follows-light model can be interpreted as representing either
a situation in which all dark matter has been stripped be-
fore the baryons begin significant disruption, or in which the
satellite had little dark matter to begin with. In the second
telling, the Sgr galaxy is embedded in a dark matter halo.
Specifically, we use a two-component model consisting of
baryons distributed in a Hernquist sphere of lengthscale rc
embedded in an Navarro-Frenk-White (NFW) dark matter
halo with lengthscale rs (c.f. Fellhauer et al. 2007). In both
tellings, the models are released in the same Milky Way po-
tential with the same initial conditions. They have the same
characteristic lengthscale and mass for the baryonic com-
ponent. Their initial mean velocity dispersions are different
(namely ∼ 15 kms−1 and ∼ 19 kms−1), but they both have
mean dispersions consistent with the observations (Ibata
et al. 1997) at the timestep corresponding to the present-
day epoch (∼ 10 kms−1 and ∼ 11 kms−1 respectively).
The size and mass of Sgr prior to disruption can only
be estimated. However, based on the luminosity determined
in Niederste-Ostholt et al. (2010), a mass of at least 108
M for the baryonic component is justifiable. Although we
will consider the effects of the satellite mass and size on
the shape of the luminosity profiles, our benchmark one and
two-component models have a baryonic mass of 6.4×108M
and a characteristic radius rc = 850 pc (c.f. Law & Majewski
2010).
The evolution of the satellite as it tidally disrupts is
followed by looking at snap-shots of the particle distribu-
tion at various locations along the orbit. The disruption is
simulated with the particle-mesh code SuperBox (Fellhauer
et al. 2000). For one-component models, it uses three nested
grids of 643 cells each centred on the highest density region
of the satellite galaxy. The inner high-resolution grid cov-
ers the central region of the satellite with the grid spanning
2 × rc. The medium resolution grid covers the entire satel-
lite (10 × rc). The low resolution grid covers 65 × Rcutoff ,
where Rcutoff = 5rc is the artificial cut-off radius imposed
on the initial distribution of the dwarf galaxy. The simula-
tion steps forward with a constant time-step size of ∆t = 1.3
Myr, which leads to a total energy conservation better than
1% when the satellite is evolved in isolation for ∼ 10 Gyr.
For the two-component models, there are two sets of grids –
the first covering the baryons and the second the dark mat-
ter particles. The sizes are set up relative to the baryonic
characteristic scale rc and the NFW scale radius rs in an
analogous way to the one-component models.
The orbit has initial conditions (x, y, z) = (0, 0, 55) kpc
and (u, v, w) = (90, 0, 0) kms−1 which result in a pericentre
of ≈ 15 kpc and an apocentre ≈ 55 kpc in line with ob-
servations of Sgr (e.g. Ibata & Lewis 1998; Johnston et al.
1999a; Ibata et al. 2001; Law et al. 2005). Radial and trans-
verse velocity measurements of the main body of Sgr, as
well as 2MASS observations of the trailing arm, indicate
that the Sgr dwarf is currently located close to pericentre.
The orbital period is approximately 0.7 Gyr. During each
period, eight snapshots are taken in equally spaced time-
steps, chosen so that one snap-shot is at apocentre and one
at pericentre. The orbit lies in the plane perpendicular to
the galactic disk, which makes the subsequent analysis con-
siderably more straightforward. Observations of Sgr debris
support the notion that the material torn from the satel-
lite is confined to a plane (Majewski et al. 2003), with an
orbital pole at (`, b) = (273.8◦,−13.5◦) i.e. only slightly in-
clined from the plane used in this analysis. Our aim is not to
reproduce exactly the orbit of the Sgr galaxy, but to obtain
systems close enough so as to explore the luminosity profiles
of the tails.
Particles are defined as bound, or unbound, depend-
ing on whether their kinetic energy exceeds, or not, the
satellite’s internal potential energy determined by SuperBox.
Leading and trailing arm particles are then selected based
on their orbital energies relative to the orbit of the centre
of mass. In the inner regions of the satellite, approximately
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Figure 1. Snapshots and profiles of a typical simulation looking face-on into the orbital plane. The satellite has a Plummer radius 350
pc and mass 108M. The plots run forward in time from left to right and top to bottom. The dot shows the Galactic centre, which is
centre of the Cartesian axes (X,Z) with Z = 0 defining the Galactic plane. The profiles represent the number density of particles along
the stream with the leading arm in red and the trailing arm in blue. The early evolution of the satellite and its accompanying profiles
are shown in the top two rows. The leading and trailing tails begin forming symmetrically and the profiles lie on top of each other. The
bottom two rows show the later evolution of the satellite. Asymmetries begin to occur as the tails fill appreciable portions of the orbital
path, between apocentre and pericentre. Overdensities occur as stars slow down near apocentre and the tail is compressed, whereas lower
density areas occur the the tail is approaching pericentre and is stretched out. The profiles remain symmetric when Sgr is observed at
either apocentre or pericentre. Asymmetries between the leading and trailing arms appear when Sgr is at intermediate positions along
its orbit.
one half of the bound particles are assigned to the leading
arm and one half to the trailing arm. The profiles are con-
structed in a fashion analogous to that used in Niederste-
Ostholt et al. (2010) counting stars from a given arm in
angular bins covering 1.2◦ on the sky. The bin size is chosen
to have sufficient resolution along the tails whilst avoiding
significant bin-to-bin variations. The counts are normalised
by the length along the stream that is covered by a given
bin and corrected for the angle that the stream makes with
the radial direction at that location.
In addition, we require that the one-component progen-
itor has lost ∼ 60% of its mass, as suggested in Niederste-
Ostholt et al. (2010), which allows us to identify the ap-
propriate pericentric passage (the sixth) to match to the
present-day data. The timescale over which the disruption
is followed is 4.1 Gyrs. The two-component model is allowed
to evolve through the same number of pericentric passages,
and loses ∼ 70% of its mass along the way. As it evolves onto
a tighter orbit, the time to the sixth pericentric passage is
slightly shorter at 3.6 Gyrs.
c© 2009 RAS, MNRAS 000, 1–8
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(a) (b)
Figure 2. (a): Leading (red) and trailing (blue) arm profiles after 4.15 Gyr for the satellite used by Law & Majewski (2010) with
(M, rc)=6.4×108 M, 850 pc. The snapshot is taken after passing pericentre and the satellite has lost ∼ 60% of its stars. The agreement
between the simulated profiles (full lines) and observations (dashed lines) is good though the trailing arm appears slightly worse than the
leading arm due to the log-scale). The short-dash dotted line shows the extrapolation used in Niederste-Ostholt et al. (2010). The long-
dash dotted line shows an extrapolation based on the simulated profile, leaving out the additional bump in the profile. Niederste-Ostholt
et al. (2010) may have underestimated the amount of light not seen in the leading arm by as much as 80%, though this does not change
the luminosity range proposed for the progenitor Sgr since the extrapolation accounts for only a minor fraction of the total luminosity.
(b): Varying the size of progenitor results in a poorer match with the observations, as changing the density of the progenitor influences
how quickly stars disperse along the orbit. The left-hand column shows the mass-loss history of a satellite with rc = 950 pc (top) and
800 pc (bottom), both with mass 6.4× 108 M, compared to the benchmark satellite. The right hand column shows the corresponding
density profiles when the satellite has lost 60% of its mass. The benchmark model is in red or blue (leading or trailing) whilst the larger
and smaller scalelength models are in grey. There are noticeable differences in the density distribution.
3 THE FIRST TELLING
3.1 Luminosity Profiles of the Streams
Figure 1 shows snap-shots from a typical disruption of the
one-component model, as well as the corresponding density
profile along the stream. During the initial phase of the dis-
ruption, leading and trailing arms look very similar and
their density profiles lie very nearly on top of each other.
As the disruption proceeds and the progenitor and debris
travel around the orbit, the leading and trailing arms de-
velop differently, having different lengths and densities in a
given snap shot.
The apocentric distances of the leading and trailing
arm debris are approximately 44 kpc and 80 kpc respec-
tively. These differences can be attributed to the different
speeds with which unbound particles travel at various loca-
tions along the orbit (see e.g. Dehnen et al. 2004; Ku¨pper
et al. 2010) and the offset in energy between the leading and
trailing arms relative to the orbit of the centre of mass. On a
given orbit, particles close to pericentre travel fastest result-
ing in lower densities and more stretched out tidal streams.
By contrast, particles spend more time near apocentre and
the tails appear compressed and have higher densities. This
can be seen, for example, in the snapshots at 3.51 Gyr which
are taken when the main body of the progenitor has just
passed its orbital pericentre (at 3.32 Gyr). The leading arm
is approaching the next apocentre and is compressed. The
trailing arm particles on the other hand have just left the
previous apocentre and are speeding up as they move to-
wards pericentre, and thus have a lower density. This is con-
sistent with the observed shape of the Sgr luminosity density
profile, where the leading arm has a significantly higher den-
sity than the trailing arm (see Figure 10 of Niederste-Ostholt
et al. 2010).
A progenitor with a different mass or size will, on a
given orbit, disrupt at a different rate and the resulting de-
bris will spread along the orbit with a different speed, de-
pending on its tidal radius at pericentre, which controls the
scale over which the satellite loses mass (Johnston et al.
2001). At fixed rc (and in an identical host Galactic poten-
tial), a more massive progenitor loses mass more slowly, as
it is more tightly bound. However, the unbound particles
disperse along the orbit quicker, allowing the tails to grow
longer, due to the larger spread in energies in the unbound
particles. The slower mass-loss and quicker dispersion result
in a lower density.
If identical one-component satellites are placed on dif-
ferent orbits with the same pericenter, then the debris
spreads out over larger distances before reaching orbital
turning points if the apocentre is larger. So, more eccen-
tric orbits generally have a lower density, since the debris
spreads out over a longer orbital path before being com-
pressed at apocentre.
Figure 2a compares the observed profiles (dashed lines)
to the simulated profiles produced by disrupting of the Law
& Majewski (2010) Plummer sphere. The number of parti-
c© 2009 RAS, MNRAS 000, 1–8
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(a) (b)
Figure 3. A comparison between the disruption of the one and two-component models (a) for the first 0.8 Gyrs and (b) at late times. The
plots run forward in time from left to right and top to bottom. In both panels, the left-hand column shows the one-component Plummer
sphere disrupting in a Milky Way potential. The middle column shows the baryonic component of the two-component model, whilst
the right-hand column shows the evolution of the dark matter component. The extended dark matter begins disrupting immediately.
Compared to the one-component model, the baryons in the two-component model at first disrupt more slowly. This results in lower
density, longer tails — compare, for example, the baryonic material in the two component model with the one-component model at 082
Gyr. However, once a significant fraction of the protecting dark matter is removed, the baryonic disruption accelerates.
cles is converted to luminosities by assuming M/L = 3.2.
This implies that the progenitor’s total luminosity is ≈
2 × 108L, which is at the higher end of the range deter-
mined by Niederste-Ostholt et al. (2010). The behaviour of
the observed leading and trailing arms is well reproduced
by the simulations. Figure 2b shows, progenitors with the
same total mass, but with different sizes (800 pc < rc <
950 pc), yield profiles that are different from our best-fit
model. Consequently, there is significant disagreement with
the observed profiles.
The leading and trailing arms have very nearly the same
number of particles throughout the simulations. According
to Choi et al. (2007), the self-gravity of the disrupting satel-
lite can lead to asymmetries in the amount of material in the
leading and trailing arms. However, our Sgr models are at
the low-mass end of the satellites considered by Choi et al.
(2007) and hence are unlikely to display much asymmetry
between the leading and trailing arms. We conclude that cal-
culating the total luminosity of Sgr progenitor based on mea-
suring the luminosity of one tail only (as done in Niederste-
Ostholt et al. 2010) does not introduce substantial error.
The observed asymmetry in density between the lead-
ing and trailing arms can be attributed to the phase of the
orbit at the time of observation. Shortly after pericentre,
part of the leading arm is compressed as it approaches the
next orbital apocentre. The trailing arm on the other hand
is stretched out as its particles are still approaching pericen-
tre. There is a pile-up in the trailing arm, stemming from
particles at the previous apocentre.
The time taken to populate the stream (∼ 4 Gyr) is in
reasonable agreement with other predictions of the age of
the debris (Law et al. 2005; Law & Majewski 2010). This
is not surprising, since the satellite and potential are essen-
tially the same as that of the Law et al. simulations. The
simulations of Lokas et al. (2010) find a significantly shorter
disruption time at 1.25 Gyr. This difference likely arises be-
cause they focus on reproducing the properties of the core of
the progenitor rather than the tidal streams. As the authors
highlight, the shorter interaction timescale is not necessarily
in conflict with the longer interaction times required to form
the tidal tails, but rather suggests that the length of time
over which the Sgr core has been tidally stirred is relatively
short.
3.2 The Assumptions of Niederste-Ostholt
Niederste-Ostholt et al. (2010) reassembled the stars in the
Sgr remnant and tidal streams to estimate the luminosity of
the Sgr progenitor. They found that the luminosity is in the
range (9.6-13.2) ×107  L or MV −15.1 to -15.5, making the
Sgr progenitor comparable to, but somewhat less luminous
than, the present-day Small Magellanic Cloud.
However, Niederste-Ostholt et al. (2010) made several
assumptions, particularly at locations where stream data
c© 2009 RAS, MNRAS 000, 1–8
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was sparse or unavailable. These assumptions can now be
tested using the N-body models. They include: (i) the be-
haviour of the leading arm near the core where it is obscured
by the Galactic disc; (ii) the extrapolation of the leading arm
beyond where it is observed in the SDSS data; and (iii) the
rising density of the trailing arm after an initial drop re-
sulting from the assumed metallicity gradient between the
core and tails. In this section, we comment on each of these
assumptions based on our simulations.
An important open question that remained in the ob-
served profile of Sgr is the behaviour of the leading arm
in the region where it is obscured by the Milky Way disk.
This is the region at a distance along the stream less than
≈ 20 kpc in Figure 2a where the observations of the leading
arm (red dashed line) end. From these simulations, it seems
much more likely that the leading arm profile of Sgr dips
down and joins the trailing arm profile near its minimum,
rather than a continuing exponential rise suggested by the
limited observations. This is borne out in other progenitor
models (175 pc < rc < 700 pc, 10
7 < M < 109 M) and
other orbits with pericentre at 15 kpc but apocentric dis-
tances between 35-100 kpc. Based on the drop in density
and the obscuring influence of the Galactic disk, it will be
challenging to detect this portion of the leading arm.
In Figure 2a, the leading arm follows an exponential
decay save for another bump in the profile occurring at the
apocentre an orbit ahead of the current location. If we look
only at the extrapolated portion of the tail (distance > 100
kpc), then including the bump increases the amount of light
by 70% over the exponential extrapolation. However, since
the extrapolated portion of the profile contains relatively lit-
tle light, the total luminosity in the tail changes only by 5%
when integrating the extrapolated profile versus integrating
the actual profile, indicating that ignoring the additional
bump has only a small effect. The amount of light in the ex-
trapolated portion of the tail is much more sensitive to the
slope chosen. The exponential decline of the leading arm as-
sumed in the determination of the total luminosity of Sgr
may have been too steep. Employing a shallower extrapo-
lation of the leading arm profile increases the total amount
of light in the extrapolated portion of the leading arm by
as much as ∼ 80%. Including a correction for the bump at
∼ 150 kpc along the stream adds another ∼ 25%.
Concerning the trailing arm, Majewski et al. (2003)
found their density profile based on 2MASS M-Giants to be
flat. By contrast, Niederste-Ostholt et al. (2010) found the
trailing arm of the Sgr stream has a positive slope due to the
population differences between the satellites core and tails
reflected in the changing ratio of the number of M giants to
total luminosity. This population difference indicates a pos-
sible metallicity or age gradient between different regions
of the undisrupted dwarf. The existence of such a gradient
is already observed by Chou et al. (2007) who find a mean
metallicity difference of ∼ 0.6 dex in [Fe/H] between the core
and the stream. The fact that the simulations reproduce this
behavior suggests that the proposed population gradient is
in fact an acceptable approximation. However, we also need
to consider that the density of the trailing arm is increasing
when moving away from the core due to the pile-up of par-
ticles at the previous apocentre in the orbit, towards which
the end of the trailing arm is reaching. The discovery of a
Figure 4. The luminosity profiles of the leading (red) and trail-
ing (blue) tails for the one-component (solid lines) and two-
component (dashed lines) models after (a) the second pericen-
tric passage, (b) the fourth pericentric passage, and (c) the sixth
pericentric passage. It is noticeable that at early times the two-
component model is somewhat less dense than the one-component
model, but has a much more extended central region and sig-
nificantly longer tidal tails. After four pericentric passages, the
densities are already very similar, though the two-component
model has longer tails. Finally, after six pericentric passages even
the density in the central region of the two-component satellite
matches that of the one-component model closely. Slight differ-
ences remain along the profile resulting from the debris spreading
farther along the orbit.
peak in density of the trailing arm followed by a drop would
support this view.
Considering the insights gained from the simulations
concerning the light in the leading arm farther than 100 kpc
along the stream as well as the behaviour of the leading arm
in the region obscured by the Galactic disk, we can update
the luminosity range for the Sgr system from 9.6 − 13.2 ×
107L to 9.9− 14.4× 107L.
Within the uncertainties inherent in this approach, the
luminosity range for Sgr has changed only slightly and
the overwhelming factor controlling the spread remains the
luminosity function assumed for Sgr and its debris (see
Niederste-Ostholt et al. 2010, Figure 4.6).
4 THE SECOND TELLING
Dwarf galaxies show ample evidence of being dark matter
dominated. So far our models have ignored the possibility
that the stars visible from the Sgr galaxy were initially em-
bedded in a dark matter halo. This motivates our second
telling of the tale of the Sgr galaxy.
Using the code employed in Fellhauer et al. (2007), we
generate a two-component galaxy consisting of baryons dis-
c© 2009 RAS, MNRAS 000, 1–8
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tributed in a Hernquist sphere embedded in an NFW dark
matter halo. The two-component model is released in the
Milky Way potential with the same initial conditions as
the one-component model and luminosity profiles for the
baryons are produced in the same fashion.
Specifically, the stellar distribution is represented by a
Hernquist sphere of 106 particles. It has a mass of 6.4 ×
108M and a scale radius of 850 pc, thus closely matching
the Plummer model employed above. The NFW halo is rep-
resented by 5 × 105 particles with a scale radius of 3.5 kpc
and a virial radius of 52.5 kpc. This concentration (c ≈ 15)
results in the baryonic component having a starting mean
velocity dispersion of ∼ 19 kms−1. This is larger than the
initial velocity dispersion of the one-component model. As
the disruption takes place,the mean velocity dispersion de-
clines to a value that lies within the observational bounds
at the present epoch.
Figure 3 shows the tidal evolution of the two model
satellites considered in this paper. The left-hand column
shows the one-component Plummer model for comparison
purposes. The middle and right-hand columns show the evo-
lution of the two-component model’s baryonic and dark mat-
ter distributions respectively. Notice that the dark-matter
NFW halo begins to disrupt immediately. The presence of
dark matter increases the baryons’ tidal radius. On the one
hand, this initially inhibits the disruption of the baryonic
component, when compared to the evolution of the Plum-
mer model. However, the increased tidal radius translates
into an increased energy spread in the debris. This results in
thicker tails and stars dispersing faster along the orbit pop-
ulating the tails out to longer distances. The dark matter
halo quickly becomes significantly disrupted (after ca. two
orbits) resulting in an accelerated rate of disruption of the
baryonic component. This effect is increased by a slight or-
bital decay experienced by the two-component satellite once
the dark-matter disrupts (the pericentre shrinks from ≈ 15
kpc to ≈ 11 kpc).
The leading and trailing tail profile shapes at the snap-
shots taken after then second, fourth, and sixth pericen-
tric passage are shown in Figure 4. The sixth passage cor-
responds to the one chosen above as a comparison to the
observations with Sagittarius. In this case, the final pro-
files of the two-component model look similar to those of
the one-component model, albeit longer. Since the agree-
ment between the profiles is good near the satellite core,
the two-component and one-component models are almost
indistinguishable based on the currently observed data.
Nonetheless, deeper data could distinguish between the
profiles. The baryonic material in the two-component model
starts off with a higher mean velocity dispersion than the one
component-model (∼ 19 kms−1 as opposed to 15 kms−1),
though both remnants have essentially the same mean ve-
locity dispersion at the end. This however means that the
stars in the tails produced by the two-component model are
moving on average somewhat faster and so the tails grow
longer over the disruption timescale. At the present orbital
phase, this is especially the case for the trailing arm. One
possible discriminant between the models might be to search
for this extended trailing tail using giant stars or blue hori-
zontal branch stars.
There are also differences in the properties of the rem-
nant, which is more compact and rounder in the two-
component model than the one-component, (though neither
model is as flatted as the actual Sgr remnant). The ratio of
initial to final baryonic mass within a 5 kpc aperture is 0.43
for the one-component case and 0.29 for the two component.
This shows that more of the baryonic material is removed
from the immediate vicinity of the Sgr remnant in the latter
case.
5 DISCUSSION AND CONCLUSIONS
We have used the particle mesh-code SuperBox to disrupt
models of the Sagittarius satellite in a Milky Way potential.
As progenitors, we constructed N body representations with
similar baryonic components, but with very different dark
matter content. The one-component models mimic a situa-
tion in which any dark matter has been stripped from the
dwarf galaxy prior to the disruption of the baryonic compo-
nent, or in which the satellite had very little dark matter in
the beginning. The two-component models have a baryonic
component embedded within a cosmologically-inspired dark
halo. Their disruption in the Milky Way potential provides
two tellings of the tale of the formation of the Sgr galaxy
and its tidal streams.
The stellar components are structurally indistinguish-
able at outset, having similar characteristic lengthscales and
masses. They have different initial mean velocity dispersions,
but this ensures that the remnant’s final velocity disper-
sion lies within the present-day observational constraints.
We have provided the first comparisons between simulation
data and the observed luminosity density profiles of the lead-
ing and trailing Sgr tails constructed by Niederste-Ostholt
et al. (2010).
Our main conclusions are
[1] The profiles of the tails can provide a strong constraint
on the dark matter content of the Sgr system, though this
requires deeper data than is currently available. The two-
component model has longer tails than the one-component
model. This is because the tidal radius and the starting mean
velocity dispersion of the baryonic component in the two-
component model are larger than that of the one-component
model. Stars diffuse slightly more quickly along the tails,
which as a consequence are longer and less dense. The length
of the tails is an important discriminant. If we do observe
very long tails for Sgr, then a one component model would
need to be more massive to populate them to those dis-
tances. Even though there is some freedom to vary the (stel-
lar) mass to light ratio by a factor of ∼ 2 from our assumed
value of 3.2, we have verified by simulations that this does
not permit the present data on the tail length and profiles
to be matched.
[2] One-component models successfully reproduce the den-
sity of the tails with only a baryonic component. Two-
component models produce similar results within 180◦ of
the remnant. Although the addition of a dark matter halo
does initial protect the baryons from disruption, once the
dark matter halo has been removed, the profiles develop in
a similar fashion. With the present data , it is not possible to
distinguish between one and two-component models based
on fitting the profiles.
[3] The simulations support the idea that the amount of
c© 2009 RAS, MNRAS 000, 1–8
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light in the leading and trailing arms is nearly identical.
The main reason for the difference in luminosity density be-
tween the leading and trailing arms observed in Sgr is the
the orbital phase at the present epoch. Shortly after pericen-
tre, part of the leading arm is compressed as it approaches
the next orbital apocentre. The trailing arm on the other
hand is stretched out, as its particles are still approaching
pericentre.
[4] The simulations have strengthened a number of the as-
sumptions made by Niederste-Ostholt et al. (2010) in de-
termining the total luminosity of the Sgr system. It is very
likely that the leading arm’s luminosity density, in the re-
gion where it is obscured by the Galactic disk, dips down
to become symmetric with the trailing arm. Furthermore,
the extrapolation of the leading arm’s profile proposed in
Niederste-Ostholt et al. (2010) is appropriate (with the pos-
sibility of a slightly different slope for the exponential de-
cline), but requires the inclusion of additional light due to
pile-ups at the next orbital apocentre. These factors lead to
a slight upward revision of the total luminosity of the Sgr
progenitor proposed by Niederste-Ostholt et al. (2010) to
9.9− 14.4× 107L.
[5] The pile-ups of particles in the leading arm seems to
be as dense as some parts of the already observed profile.
Hence, it may be possible to detect these in existing survey
data. Similarly, the increasing density of the trailing arm
may allow further detections of that debris tail. The num-
ber of such density enhancements discovered may provide
valuable constraints on the length of the tidal tails and the
number of orbits over which the debris is spread. However,
the highest density enhancements occur naturally around
the apocentre of the orbits, which may be as far as 90 kpc
from the observer in the case of the trailing arm (e.g., Ko-
posov et al. 2011). This may render detection difficult with
current surveys such as the SDSS. The highest overdensity
in the leading arm, at a distance of ∼ 47 kpc, has a main-
sequence turn-off at i ∼ 21.4. If we assume that turn-offs
can be detected down to i = 22, this suggests that we may
be able to detect such overdensities out to ∼ 60 kpc using
this approach. Other stream tracers, such as blue horizontal
branch stars or M giants, may be observed out to greater
distances.
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